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Abstract
Spatial ecology of red deer Cervus elaphus is shaped by both natural and anthropogenic factors. We used radio telemetry to
investigate factors affecting habitat selection on two spatial scales, home range sizes and migratory behaviour of red deer (N = 8
individuals) in two mountain ranges of the western Carpathians in 2004–2007. The two study areas differed in terms of
environmental conditions: Beskid Sądecki had higher altitudes, higher human population and road density and milder winters
than Beskid Niski. Red deer in both areas selected forests and avoided agricultural habitats on both spatial scales. Elevation
affected site selection only in Beskid Sądecki: deer selected higher altitudes for their home ranges, but lower altitudes within
them. Deer avoided major roads when selecting their home ranges in both sites, but only in Beskid Sądecki, they also avoided
roads within their home ranges. Deer in both study sites selected locations closer to supplementary feeding sites in winter. In
years with more severe winters, deer in Beskid Niski displayed seasonal migration to south-facing slopes. Deer in Beskid Sadecki
showed short-distance altitudinal movements from low elevations in winter to high elevations in summer, and a short-term
descent to low elevations in August–September. Our results fit the general concept that climatic conditions and human-related
factors shape spatial behaviour in ungulates, and that snow conditions are particularly important for migration. Climate change
will likely contribute to diminishing migration in red deer in the Carpathians.
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Introduction
Red deer Cervus elaphus is one of the most widespread wild
ungulates in the world, and its spatial behaviour varies greatly
throughout the species’ range (Clutton-Brock et al. 1982). Red
deer home range size and habitat selection are related to both
natural and anthropogenic factors. For instance, the size of
home range in red deer is influenced by climate, forage quality
and availability, topography, population density, predation and
human infrastructure (Rivrud et al. 2010; Jerina 2012; Reinecke
et al. 2014). As in other animal species, the habitat selection in
red deer is an outcome of trade-offs between seeking the best
foraging opportunities and shelter from weather, predators and
human disturbance (Godvik et al. 2009). As a result, red deer
tend to avoid manmade structures, like roads and recreational
infrastructure (Coppes et al. 2017; Prokopenko et al. 2017).
However, the resource selection is often scale-dependent, e.g.
environmental variables may influence habitat choice different-
ly at a broad landscape scale and within home ranges (Johnson
1980; McGarigal et al. 2016).
In European mixed forest, red deer feeds mainly on grass,
sedges and concentrated food, e.g. twigs and bark of young
trees and leaves of black berry Rubus spp. bushes (Gebert and
Verheyden-Tixier 2001). Moreover, red deer is often supple-
mentary fed to facilitate hunting and decrease damage to forest
and agricultural crops (Putman and Staines 2004).
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In mountainous environments with substantial spatio-
temporal variation in seasonal availability of forage, red deer
and other ungulates often display seasonal movements be-
tween high-elevation areas in summer and lower winter ranges
(Luccarini et al. 2006; Zweifel-Schielly et al. 2009). The main
drivers for seasonal migration include phenological develop-
ment of forage, its accessibility due to snow cover, intra-
specific competition and predation (Mysterud et al. 2011;
Bischof et al. 2012; Smolko et al. 2018). Winter severity,
particularly snow conditions, is considered the most important
trigger of downhill migration in cervids (e.g. Ball et al. 2001;
Cagnacci et al. 2011; Rivrud et al. 2016). Recent studies re-
vealed that in response to varying winter conditions, often
only some of the individuals migrate (partial migration, Ball
et al. 2001), or animals migrate only in certain years
(facultative migration, Cagnacci et al. 2011). However, sea-
sonal migration in ungulates is considered disappearing across
the globe due to climate change, anthropogenic development
and supplementary feeding (Bolger et al. 2008; Sawyer et al.
2013; Jones et al. 2014). Studying migration behaviour of
species under various environmental conditions may offer an
excellent opportunity to better understand the effect of winter
severity on migration and may help to predict future impact of
climate change on animal populations (Brinkman et al. 2005;
Dingle and Drake 2007; Fieberg et al. 2008; Rivrud et al.
2010).
In the Carpathian Mountains, the red deer is the most com-
mon wild ungulate species, the most important game and a
target for supplementary feeding. To our knowledge, the only
published data on red deer spatial ecology in the Carpathians
concerns male individuals in the Kremnica Mountains in
Slovakia (Kropil et al. 2015; Smolko et al. 2018). In this
paper, we aim to (1) report first data on red deer home range
sizes and migratory strategies in two environmentally differ-
ent study areas of the easternmost part of Western
Carpathians, (2) investigate the effect of both natural and an-
thropogenic factors, on red deer habitat selection at two spatial
scales: landscape scale (second-order selection) and within
home ranges (third-order selection). We hypothesize that hab-
itat selection by red deer in more human-dominated landscape
of Beskid Sądecki is more affected by anthropogenic factors
than in less human-impacted Beskid Niski. We also predict
that the relative importance of environmental factors shaping
habitat selection differs across spatial scales. Furthermore, we
expect that seasonal migration in red deer is related to winter
severity.
Study area
We conducted the study in 2004–2007 in two mountain
ranges in the easternmost part of the Outer Western
Carpathian Mountains (south-eastern Poland): the Beskid
Sądecki Mountains (hereafter Beskid Sadecki) and the
Beskid Niski Mountains (Beskid Niski, Fig. 1). Although
the two study sites are located only 30 km apart, they differ
in terms of topography, habitat composition, climate and den-
sity of human infrastructure (Table 1). The study area located
in Beskid Sądecki (34 km2) is characterized by higher, steeper
mountains intersected by several built-up valleys and public
roads with high traffic, especially on the main national road
intersecting the northern corner of the area (Fig. 1). Beskid
Niski encompasses ca 78 km2 of rolling hills with very sparse
settlements and few public roads of relatively low traffic.
Forests in both areas comprise mainly common beech Fagus
sylvatica, silver fir Abies alba and Scotts pine Pinus sylvestris.
Winters are generally harsher in Beskid Niski, but winter se-
verity in both study sites varied among years during the study:
winters 2004/2005 and 2005/2006 were characterized by
more severe weather conditions than winter 2006/2007
(Table 1).
Both sites are popular touristic destinations for hikers and
bikers, but Beskid Sądecki has higher numbers of tourists. The
forests in both study areas are managed by the Polish State
Forests for timber production and hunting. Gamemanagement
involves hunting and year-round supplementary feeding of
Fig. 1 Seasonal red deer home
ranges (combined 100% MCP of
all individuals) in two study sites
located in two mountain ranges of
western Carpathians, SE Poland:
Beskid Sądecki (BS, 5
individuals) and Beskid Niski
(BN, 3 individuals) based on
2253 telemetry locations in 2004–
2007
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ungulates with hay, beet roots and maize at fixed feeding sites
uniformly distributed over the study areas (Beskid Sądecki:
0.6 site/10 km2, Beskid Niski 1.0 site/10 km2). The hunting
season for red deer lasts from the end of August till the end of
February. The official statistics from game inventories in win-
ter 2006/7 (based on track counts on snow) report red deer
density of 3.6 individuals/km2 in Beskid Sądecki and 11.6
individuals/km2 in Beskid Niski (State Forest Districts of
Nawojowa and Gorlice), whereas aerial count with thermal
detection and photography in 2015 yielded a collective densi-
ty in both areas of 10.8 individuals/km2 (Łabaj and Okarma
2015). The ungulate community consists also of roe deer
Capreolus capreolus and wild boar Sus scrofa. Three large
carnivore species: grey wolf Canis lupus, European lynx Lynx
lynx and brown bear Ursus arctos occur in both study areas.
Materials and methods
We trapped the red deer in 2004–2005 using 25 × 25 m hor-
izontal drop nets on treeless baited areas. In Beskid Sądecki,
we radio-collared five individuals (four adult females and a
subadult male) during two trapping events. In Beskid Niski,
we radio-collared three adult females in one trapping event
(Table S1). We anesthetized the animals with xylazine-
ketamine mixture (4 mg/kg + 4 mg/kg, Kreeger and Arnemo
1996). The radio-collars (ATS, USA) were set on the
150 MHz waveband. We located red deer with VHF receivers
(YAESU, USA) and three-element hand-held antennas (AF
Antronics, Inc., USA) once per day every 1–6 days (on aver-
age every 3.6 days in Beskid Sądecki and 2.3 days in Beskid
Niski, Table S1), mostly at diurnal hours (10% of locations in
Beskid Sądecki and 5% of locations in Beskid Niski were
obtained between sunset and sunrise). We used triangulations
with bearings obtained from at least three receiving locations.
We attempted to locate all individuals in each site within the
shortest time possible. We digitalized the locations using
TRACKER software (Camponotus AB and Radio Location
Systems AB 1994).
We assessed habitat selection at two spatial scales: home
range selection in relation to the study area (second-order
selection) and selection of sites within the individual home
ranges (third-order selection, Johnson 1980). To test which
habitat characteristics influenced red deer habitat selection at
both scales, we compared deer telemetry locations with ran-
dom locations using generalized linear models (GLM) with
binomial distribution and logit-link function in R 3.6.2 (R
Core Team 2019) with a binary response variable (1: deer
telemetry location, 0: random point). These models predict
relative probabilities that a point is a deer location (and not a
random location) based on habitat variables. To evaluate
second-order habitat selection, we generated random points
Table 1 Habitat and weather
parameters in two study areas in
Polish western Carpathians (the
Beskid Niski Mountains and the
Beskid Sądecki Mountains)
where we conducted a telemetry
study of red deer in 2004–2007.
Weather parameters are averaged
over the study period
Beskid Niski Beskid Sadecki
Coordinates 49.53–49.63°N 21.23–21.37° E 49.48–49.54°N 20.75–20.91° E
Average altitude (and range) a.s.l. 587 (362–842) m 645 (415–1082) m
Annual precipitation* 890 mm 862 mm
Annual temperature* 5.6 °C 7.1 °C
Winter average temperature
(Dec–Mar)*
− 2.7 °C − 1.4 °C
Snow cover (duration, max depth):*
- Winter 2004/2005 110 days, 90 cm 90 days, 65 cm
- Winter 2005/2006 119 days, 73 cm 118 days, 55 cm
- Winter 2006/2007 52 days, 26 cm 34 days, 14 cm
Density of public roads** 0.36 km/km2 0.69 km/km2
Human population density*** 25 people/km2 48 people/km2
Share of habitats:****
- Settlements and agricultural habitats 10.5% 27.1%
- Deciduous forest 38.0% 25.2%
- Mixed forest 1.3% 10.5%
- Coniferous forest 50.2% 37.0%
*Institute of Meteorology and Water Management 2019, data from meteorological stations in Piwniczna (Beskid
Sądecki) and Wysowa (Beskid Niski) for 2004–2007
**CODGiK (2019)
***Central Statistical Office (2006)
****Corine Land Cover (2006)
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(number equal to number of telemetry locations) within the
whole study area, defined as 100%minimum convex polygon
(MCP) of all telemetry locations with a 1-km buffer. We in-
cluded the habitat type (three categories: agricultural land:
joined Corine Land Cover 2006 class CLC 211, 231 and
242, deciduous forest: CLC 311, mixed and coniferous forest:
CLC 243, 312 and 313), elevation (EU-DEM, European
Environment Agency 2019) and distance to closest major road
(country national or voivodship, CODGiK 2019) as explanatory
variables.
To assess the third-order habitat selection, we compared
deer locations to random locations generated within the
seasonal home ranges (100% MCP) of each radio-
collared individual for three seasons: summer ranges
(May–August), autumn ranges (September–November)
and winter ranges (December–April), following natural
seasonal cycles of the species in the Carpathian
Mountains (Kropil et al. 2015). For each deer and each
season, we used the same number of random points as
there were telemetry locations. The explanatory variables
in this analysis included the following: the type of habitat
(as above), elevation, distance to closest paved road acces-
sible for public (including minor local roads, CODGiK
2019) and interactions between season (as above) and hab-
itat and season and distance to the closest supplementary
feeding site. For both analyses (second- and third-order
habitat selection), we performed model selection based
on the Akaike Information Criterion (AICc) in the
MuMIn package (Bartoń 2019) in R 3.6.2.
We estimated the annual home ranges using 100% MCP
(Hayne 1949). For individuals monitored for longer than 1 year,
to include the whole monitoring period, we determined mean
annual home ranges as averaged 12-month ranges moving in 3-
month intervals. Additionally, we estimated seasonal home
ranges (100% MCP) for three seasons (as above).
To assess whether the individuals within a study site should
be considered as one group, for each telemetry location, we
calculated the distance to the closest other individual as a
nearest neighbour distance using NNJoin plugin (http://
plugins.qgis.org/plugins/NNJoin/) in QGIS v. 3.2.3
(Quantum GIS Development Team 2018). All other spatial
analyses were also performed in QGIS v. 3.2.3.
Results
From 2004 to 2007, we obtained 2253 telemetry locations
(Beskid Sądecki: 1043 locations; Beskid Niski: 1210 loca-
tions, Table S1). Though individuals within each study site
used common home ranges, they were not close to each other
most of the time (average inter-individual distances ± SD: in
Beskid Sądecki 1.48 ± 1.25 km, in Beskid Niski 2.13 ±
1.35 km). Only 21% of all telemetry locations in Beskid
Sądecki and 4% of locations in Beskid Niski were closer than
200 m to another collared individual. Therefore, we treated
data from all eight individuals as independent.
Red deer used habitats in a non-randommanner, but factors
affecting habitat selection varied between spatial scales and
study areas (Tables 2 and 3). Deer avoided agricultural habi-
tats and selected forests in both study sites and at both spatial
scales (Fig. 2). Elevation did not affect deer site selection in
Beskid Niski, whereas in Beskid Sądecki, deer selected higher
altitudes in relation to the whole study area (second-order
selection, Table 2) and lower altitudes within their home
ranges (third-order selection, Table 3). Elevations of deer lo-
cations averaged by months showed clear altitudinal move-
ments in Beskid Sądecki: deer used lower elevations during
winter and moved to higher elevations in the period of May–
July (Fig. 3). Moreover, they displayed an additional shift to
low altitudes in August–September, followed by a return to
high elevations in October (Fig. 3).
Deer at both study sites avoided major roads in relation to
the study areas, whereas they avoided all paved roads within
their home ranges in Beskid Sądecki, but not in Beskid Niski
(Fig. 4). The analyses of third-order selection revealed season-
al differences in habitat selection: in winter, deer in Beskid
Niski selected mixed and coniferous forest more than decidu-
ous stands. Also, in winter in Beskid Sądecki, deer selected
forested areas (and avoided agricultural areas) stronger than in
other seasons (Fig. 2). Deer in both study areas selected
Table 2 Results of models (GLM) explaining the habitat selection of
red deer in relation to the whole study area (second-order selection) in the
western Carpathians, SE Poland in 2004–2007 (1043 telemetry locations
of 5 individuals in Beskid Sądecki and 1210 telemetry locations of 3
individuals in Beskid Niski). We provide model estimates, their standard
errors and p values
Model term Beskid Niski Beskid Sądecki
Estimate SE p Estimate SE p
Deciduous forest 3.036 0.299 < 0.001 1.922 0.398 < 0.001
Mixed & coniferous forest 3.083 0.296 < 0.001 3.480 0.368 < 0.001
Elevation 0.001 0.001 0.326 0.003 0.001 < 0.001
Distance to major road 0.000 0.000 0.043 0.000 0.000 0.014
818 Mamm Res (2020) 65:815–823
locations farther from supplementary feeding sites in summer
and closer to them in winter (Table 3).
The ranking of models predicting red deer locations in
relation to the whole study area showed that best models
(ΔAICc < 2) included all three analyzed variables in both
sites, although elevation was not included in the best of
models in Beskid Niski (Table S2). At the within home range
scale, the best models included all the variables in Beskid
Sądecki, but interactions with season were not included in
Beskid Niski (Table S3).
The yearly home ranges of individuals in Beskid Sądecki
were smaller than in Beskid Niski (Table S1). Deer in both
study sites used ranges of similar size in summer and au-
tumn (Table S1, Fig. 5). Winter home ranges in Beskid
Sądecki did not differ from other seasons, whereas in
Beskid Niski, red deer used considerably larger ranges in
winters 2004/2005 and 2005/2006 (Fig. 5). During these
winter seasons, deer in Beskid Niski migrated to areas on
slopes of southern exposition, ca 5 km from the centroids of
summer and autumn ranges (Fig. 1). In winter 2006/2007,
red deer in Beskid Niski did not migrate and their ranges
were smaller than in previous winters (mean MCP ± SD
8.14 ± 3.20 km2) and overlapped with summer and autumn
ranges. Additionally, we observed variation in timing and
Table 3 Results of models
(GLM) explaining the habitat se-
lection of red deer within indi-
vidual home ranges (third-order
selection) in the western
Carpathians, SE Poland in 2004–
2007 (1043 telemetry locations of
5 individuals in Beskid Sądecki
and 1210 telemetry locations of 3
individuals in Beskid Niski). We
provide model estimates, their
standard errors and p values
Model term Beskid Niski Beskid Sądecki
Estimate SE p Estimate SE p
Deciduous forest 2.525 1.076 0.019 2.068 0.543 < 0.001
Mixed and coniferous forest 2.667 1.071 0.013 2.247 0.425 < 0.001
Elevation 0.000 0.001 0.813 − 0.001 0.001 0.050
Distance to road − 0.001 0.000 < 0.001 0.001 0.000 < 0.001
Agricultural habitats × summer − 1.599 1.490 0.283 − 0.701 1.448 0.629
Deciduous forest × summer − 0.531 0.241 0.028 0.694 0.453 0.126
Mixed & coniferous forest × summer − 0.470 0.255 0.065 0.397 0.251 0.114
Agricultural habitats × winter 0.177 1.126 0.875 − 15.51 321.400 0.962
Deciduous forest × winter − 0.228 0.218 0.297 1.597 0.462 0.001
Mixed and coniferous forest × winter 0.160 0.219 0.467 0.768 0.220 < 0.001
Distance to feeding site × autumn 0.000 0.000 0.195 0.000 0.000 < 0.001
Distance to feeding site × summer 0.000 0.000 0.018 0.000 0.000 0.054
Distance to feeding site × winter 0.000 0.000 0.295 0.000 0.000 0.348
Fig. 2 Relative probability
predicted by GLM (with 95% CI)
of red deer location within their
home ranges in relation to habitat
type in the western Carpathians (a
Beskid Niski, b Beskid Sądecki),
SE Poland in 2004–2007 (1043
telemetry locations of 5 individ-
uals in Beskid Sądecki, and 1210
telemetry locations of 3 individ-
uals in Beskid Niski)
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number of migrating individuals among years: in winter
2004/2005, two of three females migrated at the beginning
of March and came back to summer ranges in April (on 7th
and 19th). In winter 2005/2006, all three individuals migrat-
ed, one of them at the end of January, and the other two at
the beginning of March; all three females came back in the
second half of April.
Discussion
Red deer spatial behaviour differed between the two study
areas despite their close vicinity. Both in Beskid Niski and
Beskid Sądecki, red deer avoided agricultural areas, likely
because these open areas did not provide enough shelter from
humans and adverse weather conditions. However, strong
avoidance of agricultural habitats found in our study might
be artificially enhanced by deficiency of locations obtained
during nighttime, as deer tend to use safer habitats during
daylight (Fattebert et al. 2019). Stronger selection of mixed
and coniferous forest stands in winter observed in Beskid
Niski was most probably a result of foraging on young firs
and black berry bushes, which are preferred by red deer in
winter (Jamrozy 1980; Krojerová-Prokešová et al. 2010).
Large, busy roads seemed to affect the placement of deer
home ranges at both study sites. Dense network of smaller
roads intersected deer home ranges the Beskid Sądecki area,
which caused a fine-scale road avoidance in red deer. In
Beskid Niski, the density of roads was very low; therefore,
roads did not adversely affect red deer habitat selection within
Fig. 3 Monthly altitude averages (± 95% confidence intervals) of telemetry locations of eight red deer in two study sites in the western Carpathians
(Beskid Niski: 1210 locations and Beskid Sądecki, 1043 locations) in SE Poland
Fig. 4 Relative probability
predicted by GLM (with 95% CI)
of red deer location in relation to
distance to the closest major road
in relation to the whole study area
(a) and to any closest public
paved road within the home range
(b) in the Beskid Niski Mountains
(1210 telemetry locations) and in
the Beskid Sądecki Mountains
(1043 telemetry locations) of the
western Carpathians, SE Poland
in 2004–2007
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the home ranges—for most of the year, the individual home
ranges did not overlap with roads. Red deer in both study areas
were attracted to feeding sites in winter, which is likely an
outcome of lower availability of natural food sources.
Elevation played an ambivalent role in deer habitat selec-
tion. Deer generally tended to select their home ranges at
higher altitudes, possibly to minimize human disturbance.
On the other hand, within their high-altitude ranges, deer in
Beskid Sądecki avoided the highest areas, probably because
they offered poor foraging and weather conditions and were
more frequented by tourists, since many of touristic trails run
along the mountain ridges. Interestingly, deer in Beskid
Sądecki moved downhill in August, which was probably re-
lated to summer mowing of meadows in the valleys and sub-
sequent appearance of young graminoid forage. However, we
were not able to prove an actual increase in use of the
meadows by deer, likely due to their mostly nocturnal usage
by deer (Godvik et al. 2009).
It seems that different environmental conditions in the two
study areas contributed to different behavioural strategies
adopted by red deer in winter. Deer in Beskid Sądecki used
the same ranges as in other seasons and displayed short-term,
short-distance downhill movements. Deer in Beskid Niski in-
creased their selection of mixed and coniferous forest stands
and during more severe winters exhibited partial, facultative
migration. The fact that deer in Beskid Niski did not migrate
during the mildest winter suggests that the onset of this mi-
gration was induced by harsh winter conditions, corroborating
other studies (Fieberg et al. 2008; Cagnacci et al. 2011).
However, most deer in Beskid Niski did not begin to migrate
until March despite snow cover depth of 50–70 cm in January
and February. Very late downhill migration has been found in
other deer species, particularly in areas with mild or unpre-
dictable winter conditions (Fieberg et al. 2008; Cagnacci et al.
2011). Rising temperatures in March in our study area often
cause consolidation of snow cover, which may further reduce
forage availability and increase energy expenditure for move-
ment (Moen 1976; Parker et al. 1984). Consequently, deer
body condition deteriorates (Hobbs 1989; DelGiudice et al.
2002), while the risk of predation by wolves rises (Nelson and
Mech 1986; Gula 2004). The area to which deer migrated at
the end of winter in Beskid Niski was located at lower eleva-
tion and on south-facing slopes, where spring thaws provided
early access to evergreen bushes of black berry and emerging
herbaceous vegetation. Therefore, it appears that snow quali-
ty, rather than snowfall or depth of snow cover, was the main
trigger for migration in Beskid Niski.
Interestingly, even though Beskid Sądecki represented a
more mountainous landscape in terms of elevation and slopes
than Beskid Niski, none of the five radio-collared individuals
migrated during the study period. This is in contradiction to
results of other studies, which found that migration in ungu-
lates is fostered by more diverse topography (Cagnacci et al.
2011; Mysterud et al. 2011). An explanation for the lack of
migration in Beskid Sądecki may be high density of settle-
ments and a very high-traffic road in the valley that fringed the
area from the north, and thus constituted an obstacle for move-
ment to slopes of southern exposition on the other side of the
valley (Bolger et al. 2008; Sawyer et al. 2013). Therefore, the
sedentary behaviour of deer in Beskid Sądecki may corrobo-
rate the general hypothesis about the adverse impact of human
development on animal movement (Tucker et al. 2018). An
alternative, non-exclusive interpretation can be that densely
packed mountain ridges and valleys in Beskid Sądecki,
coupled with slightly milder winters, provided a broad variety
of conditions at small spatial scale, allowing red deer to utilize
a full range of elevations and slope expositions without un-
dertaking long-distance migrations, similarly to resident red
deer in the Alps and the Carpathians (Luccarini et al. 2006;
Kropil et al. 2015).
It is important to note that the results of this study have
several limitations due to small sample size. First, we were
not able to statistically quantify the impact of winter severity
on deer behaviour, so our results on migration in Beskid Niski
are rather observational in character. Secondly, it is possible
that some deer did migrate in Beskid Sądecki, but we were not
able to detect it due to small number of individuals and to only
three full winter periods (Fieberg et al. 2008). However, de-
spite their limitations, our findings constitute an important
contribution to understanding spatial ecology of red deer in
Fig. 5 Seasonal home ranges (MCP 100%, km) of eight red deer in study
sites in two study sites in the western Carpathians (BN: Beskid Niski,
1210 telemetry locations and BS: Beskid Sądecki, 1043 locations) in SE
Poland in 2004–2007. The middle bars represent the median values, the
boxes middle 50% of values and the whiskers top and bottom 25% of
values
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the Carpathians and should be treated as an introduction to
further studies.
The results of our study fit the general concept that climatic
conditions and human-related factors shape spatial behaviour
in wildlife, and that snow conditions are particularly important
for ungulate migration (Luccarini et al. 2006; Bojarska et al.
2019). Climate change projections predict milder winters
(Jacob et al. 2014) and, with decreased snow cover, ungulate
migration will become less common, as observed in other
areas (Mysterud 2013). At the same time, urban sprawl in-
creasingly contributes to the process of diminishing migration
across the globe (Wilcove and Wikelski 2008; Tucker et al.
2018). In the face of development of human population and
decreasing winter severity in the Carpathians, we predict that
red deer migration will become an increasingly rare phenom-
enon in the future.
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